Relationship between lung dust burden and asbestos related diwas
The first attempts to estimate the asbestos content of lung tissue consisted of weighing the extracted dust residue or its mass estimation by x ray diffraction. Such procedures were, however, suitable only for substantial amounts of asbestos and could not distinguish between fibres and rounded particles of the same mineral type. For this reason techniques requiring the counting of fibres were developed.
Most studies on lung asbestos content have used phase contrast light microscopy, and this technique is also used for most dust counts required in medicolegal cases because it is more readily available than electron microscopy.'-3 The phase contrast microscope cannot, however, resolve fibres less than 020,um in diameter, and scanning and transmission electron microscopy are increasingly used for research purposes to count the whole spectrum of fibres in lung tissue.4 Apart from advantages stemming from greater resolution, electron microscopes can be combined with systems for energy dispersive x ray analysis that allow identification of individual mineral fibres.
Three main methods of recovering fibres from lung tissue have been used. These are tissue digestion, with the use of either potassium hydroxide' or sodium hypochlorite,5 and tissue ashing in nascent oxygen. 6 There is some evidence that potassium hydroxide digestion is better for fixed tissue, while sodium hypochlorite produces the best results with fresh lung specimens. Ashing is very effective in destroying lung tissue but it has been suggested that this technique can result in the breakup of asbestos and the splitting of fibre bundles, so that fibre counts produced from ashed specimens tend to be higher than those where chemical digestion has been used. For fibre counts using phase contrast microscopy, some workers have used counting chambers containing wet suspensions of dust while others collect the fibres on a membrane filter, which is cleared for microscopic examination. 3 The latter technique has advantages in that a permanent preparation is produced that can be counted by several observers. In addition, the membrane counted samples allow superior resolution and counts can be five times greater than those obtained from the same sample viewed in a counting chamber.7 For electron microscopy fibres are collected on the same type of membrane filter but, while the scanning electron microscope can examine these filters in toto, after coating with gold or carbon, in the case of transmission electron microscopy carbon coating is followed by removal of the filter material with chloroform. Most Size distributions obtained by electron microscopy for asbestos fibres recovered from lung tissue indicate that most fibres are either too short to be included in a count by optical microscopy or too fine to be resolved by this technique.9 For crocidolite, amosite, and chrysotile respectively the percentages of fibres shorter than 2-5 ,um have been reported as 56, 34, and 85 and the percentages of fibres less than 0-125 ,um in diameter as 67, 16, and 82.10 Almost none of the chrysotile fibres are large enough to be detected with an optical microscope, especially with the techniques needed to assess lung residue material.
Few interlaboratory comparisons of fibre counts for the same tissue specimens have been undertaken, but where this has occurred some counts have been several times higher than others.4 Differences of 2-3 fold can, however, occur between repeated counts on the same specimen in one laboratory. In lung tissue fibre concentration may be several times higher in samples collected only centimetres away from other samples." It has been suggested that some such differences, such as the lower concentration reported for the costophrenic angle might be due to ventilation patterns., Since dust counts are usually expressed in relation to the weight of dry lung tissue examined, different levels of fibrosis could be important. Badly fibrosed areas would produce a high dry weight and thus apparently low fibre counts. Apart from differences due to pathological reactions, several fold differences have been noted between the upper and lower lobes of the lung. Surprisingly, while asbestosis is usually more associated with the lower lobes than the upper, some workers have reported that the upper lobes have the highest dust counts. 5 Fibre counts obtained from human lungs using phase contrast microscopy seldom exceed a magnitude of 108 per gram of dried lung tissue, while with electron microscopy the corresponding figure is of the order of 109. Apart from chrysotile and those amphibole minerals (chiefly crocidolite and amosite) considered as true asbestos, many other mineral fibres are found in human lung tissue at necropsy in numbers similar to asbestos fibres. In asbestos workers, however, the number of non-asbestos fibres is equally high in those with and without asbestos related disease. The following non-asbestos minerals can occur in fibrous form (aspect ratio >3:1, diameter <3,m) and fibres have been recorded in human lung tissue'8: There is an urgent need for greater standardisation of the techniques used in different laboratories to study lung fibre content and pulmonary disease between laboratories. The use of potassium hydroxide digestion of lung tissue and the counting of fibres after collection on membrane filters may be the techniques of choice. An international counting study using a standard set of specimens would be particularly advantageous. Eventually all dust counts used in medicolegal cases should be undertaken by accredited laboratories, whose standards would be checked periodically by the circulation of control dust preparations. Phase contrast microscopy may be adequate for fibre counting where significant amphibole exposure has occurred, but for those exposed only to chrysotile electron microscopy is regarded as essential. Similarly, the recognition of mineral fibres that are not asbestos but could be implicated in disease can only be achieved by electron microscopy. In future electron microscope counts may be required for legal purposes so that all sizes of fibres are included, but much more work on the standardisation of such counts is required before this would be justified.
At present the importance of the low levels of chrysotile asbestos found in human lung tissue is unknown. The use of special stains may be helpful in histopathological diagnosis. Most mesotheliomas secrete hyaluronic acid but not mucin (as determined by the diastase-periodic acid Schiff (PAS) procedure). The demonstration of carcinoembryonic antigen by immunoperoxidase staining techniques identifies a tumour as a carcinoma and excludes mesothelioma,25 while keratin is found in mesotheliomas (as well as squamous carcinomas) but is not a feature of adenocarcinomas. Other frequently used stains are alcian blue, toluidine blue, colloidal iron, and azure A. Formol saline fixation has been found to be as good as the acetic acid fixation originally proposed for mesothelioma and is nowadays more commonly used.
Exfoliative cytology may be particularly helpful in the establishment of diagnosis during life.2627 Fluids from pleural or peritoneal effusions frequently contain large numbers of cells and the fluid provides a sufficiently nutritive broth for the cells to remain viable for up to 48 hours. This makes the transportation of material to regional centres possible. Ideally a study of exfoliative material should be combined with conventional histopathological examination of a cell pellet, and where possible the pellet should be examined also by transmission electron microscopy. Cytopathological discrimination between benign and malignant mesothelial cells may present some difficulties, but malignant cells are usually larger and more pleomorphic and have more irregularity of the nuclear chromatin pattern. Malignant mesothelial cells also show denser cytoplasmic staining around the nucleus, which causes apparent exaggeration of the soft "lacy" appearance of the peripheral cytoplasm. This is seen to a lesser extent in benign mesothelial cells and is due to extensive formation of microvilli. Irregularities of nuclear and nucleolar outline at light microscopy level are minimal when compared with those seen in exfoliated carcinoma cells.
Transmission electron microscopy of solid biopsy specimens or cell pellets derived from exfoliated cells may be useful in the diagnosis of mesothelioma despite the fact that there appear to be no " marker" organelles specific for mesothelioma cells.28 29 Features such as the presence of secretory vacuoles, marked aggregation of microfilaments with desmosomal involvement, microvilli with rootlet formation, and a prominent basement membrane are in general associated with carcinoma rather than mesothelioma cells. Features suggestive of mesothelioma include long, slender, curving microvilli, microluminal spaces, long desmosomes, intracellular lipid and glycogen, and bundles of perinuclear cytoplasmic filaments not associated with desmosomes. If these features are present in combination, the evidence for a mesothelial origin is particularly strong. An incomplete basement membrane, so that there is a close apposition between collagen fibrils and cell membrane, has so far been observed only with mesothelioma and not carcinoma. A highly irregular nuclear outline and chromatin staining pattern seen by either light microscopy or electron microscopy suggests a carcinoma, while a feature of mesothelial cells is that the rather smooth nuclear outline visible with the 805 light microscope can be seen by TEM to consist of many small, sharp nuclear indentations.
Patterns of asbestosis seen by pathologists today
The classical pattern of advanced asbestosis is one of severe pulmonary interstitial fibrosis that produces irregular opacities on chest radiographs and is seen histologically as severe, diffuse interstitial fibrosis, which may produce destruction of the alveolar architecture and microcyst formation (honeycomb lung). In Britain this pattern is now rarely seen. The current pattern of asbestosis is one of relatively mild fibrosis which progresses slowly, if at all. The gross appearance of the lungs at necropsy is nfot always useful and a histological diagnosis is helpful. Correct inflation of lungs and the use of the barium sulphate technique of Heard makes the demonstration of fibrosis easier. It is considered that the best area to pick up minimal change is the subpleural zone, where in the earliest stages evidence of fibrosis may extend inwards for only three or four alveoli. Useful sites for histological sampling are the lower part of the upper lobe and the posterior and diaphragmatic (near the costophrenic angle) aspects of the lower lobe. On histological examination early asbestosis appears as patchy fibrosis seen either as foci in the centrilobular position, often associated with carbon pigmentation, or subpleurally, where its distribution may be either linear or wedge shaped. Later a fine fibrosis of the alveolar wall may be seen. The lower lobe of the lung tends to be more extensively affected by fibrosis then the upper. In a clinical sense the mild degree of asbestosis now normally seen is of little importance. It is, however, critical in determining whether an associated carcinoma should be attributed to occupational exposure to asbestos. Pleural plaques occur frequently in patients with a history of asbestos exposure. While patterns of asbestosis appear to differ little throughout Britain, it is suggested that the incidence of asbestosis occurring with pleural and peritoneal mesotheliomas may vary. In most places peritoneal mesotheliomas appear most likely to be associated with asbestosis but exceptions do occur. 24 Criteria used to grade the severity of asbestosis still vary between different pathologists and it seems important that one set of standards should be 806 adopted, if possible on a worldwide basis. One suggestion for a grading system was published in 197330 and a recent monograph on asbestos associated diseases publishe-46in the United States made similar recommendations.3' Four grades of severity are proposed. Grade I is used for cases of fibrosis affecting the wall of at least one respiratory bronchiole with or without extension into the septum of the immediately adjacent layer of alveoli. No fibrosis is present in more distal alveoli. The appearances in grade 2 fibrosis are those of grade 1 but in addition alveolar ducts or two or more layers of adjacent alveoli are affected. There must still be a zone of non-fibrotic alveolar septum between adjacent bronchioles. In grade 3 fibrosis there is coalescence of fibrotic change such that all alveoli between at least two adjacent bronchioles have thickened fibrotic septa. Some alveoli may be obliterated completely. In grade 4 fibrosis there is formation of new spaces of a size larger than alveoli ranging up to as much as 1 cm (honeycombing). Spaces may or may not be lined by rounded epithelium.
The meedicolegal problem: is disease related to asbestos exposure?
In Britain claims for industrial injuries benefit in relation to asbestosis and certain other industrial diseases are decided by the pneumoconiosis medical panels according to the statutory regulations. They are concerned only with prescribed industrial diseases, which are diseases considered to result from specific risks of occupation and not risks that affect the whole population. In each individual case the link with occupational risks must be recognisible. Industrial injuries benefit for prescribed industrial diseases is paid only to people who have been employed in prescribed occupations and in the case of the asbestos industry these are: (a) any occupation requiring the working or handling of asbestos; (b) the manufacture or repair of asbestos textiles or articles containing or composed of asbestos; (c) cleaning of any machinery or plant used in any of the foregoing operations and of any chambers, fixtures, and appliances for the collection of asbestos dust; (d) substantial exposure to dust arising from the foregoing occupations.
In practice, the eligibility of any claimant for compensation is decided by an insurance officer before the individual is examined by doctors from the pneumoconiosis medical panels, who decide only on the type and extent of the disease and assess disability. The panel doctors are, however, greatly assisted by information provided by chest physicians and pathologists. For the purpose of compensation, diagnosis is made on the balance of probability Davis rather than that the prescribed disease cannot be excluded. In Britain once the diagnosis of pneumoconiosis or mesothelioma has been made by the panel doctors ircannot be changed as a result of subsequent clinical investigation and the patient is always "deemed" to have the condition diagnosed. This still applies after death. If a person dies from a condition incorrectly diagnosed as pneumoconiosis or mesothelioma during life he is still "deemed" to have died of this condition and the case is recorded as such in official statistics.
Difficulties frequently arise, particularly in cases of pulmonary fibrosis presenting a similar picture to that of asbestosis. A case of cryptogenic fibrosing alveolitis with substantial exposure to asbestos would probably be recorded as asbestosis and compensated accordingly. Someone with mesothelioma, which is a prescribed disease in its own right, is compensated automatically if there is any evidence of occupational asbestos exposure, but bronchial carcinoma in asbestos workers is considered to be caused by asbestos only if asbestos is also present. It was recently proposed that the legislation should be amended so that the occurrence of pleural plaques or diffuse pleural thickening would also be considered as evidence of asbestos exposure sufficiently severe to be the causative agent in cases of bronchial 32 carcinoma. Reports show, however, that cases from the general population with plaques fail to show a greater history of asbestos exposure than those without33 and that dockyard workers exposed to asbestos who develop plaques do not show any significant increase in incidence of bronchial carcinoma compared with those who do not (Rossiter CE, Coles RM, Jackaman I. Proceedings of Sixth International Conference on Pneumoconiosis. Bochum, 1983, to be published).
Because of the medicolegal implications, the correct diagnosis of early asbestosis remains one of the greatest problems for pathologists. Focal deposits of fibrous tissue around the terminal and respiratory bronchioles may be caused by, many types of dust and it has been reported that as many as one third of all those with bronchial carcinoma have focal pulmonary fibrosis due to tobacco smoke. There are also considerable difficulties in distinguishing more advanced cases of asbestosis from cryptogenic fibrosing alveolitis, particularly in those who may have had some asbestos exposure. It is suggested, however, that the absence of pleural adhesions or fibrosis, the presence of honeycomb cysts with smooth muscle hyperplasia, and lymphoid hyperplasia all favour a diagnosis of cryptogenic fibrosing alveolitis.
Since the lesions of asbestosis are not specific in their own right, evidence of the presence of asbestos fibres within the lung tissue is essential in establishing a diagnosis. In the past the recognition of asbestos bodies in histological sections has been widely used for this purpose and is still useful where large numbers of these structures are present. Many cases occur, however, where no asbestos bodies are found in several lung sections are and yet fibre counts obtained after tissue digestion have been high. More emphasis is now being placed on fibre counts and for this reason standardisation of extraction and counting procedures is important. Since some asbestos fibres are present in all lungs a fibre level at which asbestos exposure is considered to have caused disease must be established. On this subject opinions differ. Some pathologists suggest that for phase contrast microscopy 1 000 000 fibres per gram of lung tissue represent a threshold below which fibrosis is unlikely to occur. Others believe that a figure of 250 000 fibres per gram should be accepted.34 Those exposed only to chrysotile present a problem in that this material can seldom be seen in tissues with a light microscope. In these cases the use of electron microscopy, which also allows fibre identification, may be particularly helpful.
There is a strong feeling that the present custom of attributing pulmonary disease to asbestos exposure on an "all or nothing" basis is unsatisfactory. Many pathologists suggest that it would be better to attempt to apportion causality in many cases. For example, this might be desirable where bronchial carcinoma and mild asbestosis are found in the lungs of a heavy smoker, and where pulmonary fibrosis has presented as cryptogenic fibrosing alveolitis in life and shown the histological pattern of this disease at necropsy but where there is evidence of asbestos exposure.
